We present two examples of describing low permeability Neogene clastic lithofacies to outline unconventional hydrocarbon lithofacies. Both examples were selected from the Drava Depression, the largest macrostructure of the Pannonian Basin System located in Croatia. The first example is the Beničanci Field, the largest Croatian hydrocarbon reservoir discovered in Badenian coarse-grained clastics that consists mostly of breccia. The definition of low permeability lithofacies is related to the margins of the existing reservoir, where the reservoir lithology changed into a transitional one, which is mainly depicted by the marlitic sandstones. However, calculation of the POS (probability of success of new hydrocarbons) shows critical geological categories where probabilities are lower than those in the viable reservoir with proven reserves. Potential new hydrocarbon volumes are located in the structural margins, along the oil-water contact, with a POS of 9.375%. These potential reserves in those areas can be classified as probable. A second example was the Cremušina Structure, where a hydrocarbon reservoir was not proven, but where the entire structure has been transferred onto regional migration pathways. The Lower Pontian lithology is described from well logs as fine-grained sandstones with large sections of silty or marly clastics. As a result, the average porosity is low for conventional reservoir classification (10.57%). However, it is still an interesting case for consideration as a potentially unconventional reservoir, such as the "tight" sandstones.
Introduction
According to the conventional approach, a hydrocarbon reservoir is rock with reservoir properties. The reservoir is considered to have high enough effective porosity and permeability for long duration hydrocarbon recovery with the application of secondary or tertiary recovery methods in the late phase of production. However, due to wettability, capillary force, petrophysics and saturation, only part of the total hydrocarbon reserves (Original Hydrocarbons In Place, OHIP) can be recovered from reservoirs. Average recoveries are approximately 60% for gas and 20-30% for oil reservoirs. Consequently, some hydrocarbon remain in reservoirs and those remaining quantities are larger in reservoirs with low permeability, such as tight sandstone, due to slower migration of fluids than in, for example, pure psammitic lithologies. Furthermore, primary hydrocarbon migration is not a 100% effective process. Thus, some hydrocarbons (especially oil) remain trapped in the source rocks. This can be from 20% to even 70% of generated hydrocarbons. For accumulation in low permeability reservoirs the most important role is the distance and pathways of secondary migration. The range of primary migration is on a scale of hundreds of meters, while secondary distances can exceed 80 km [1] and in the Croatian section of the Pannonian Basin System (CPBS) they are thought to be approximately 15-20 km [2] .
Consequently, the duration of unconventional hydrocarbon reserves is associated with tight sandstones, shales or marls (that are simultaneously a source rock), coal bed methane, gas hydrate deposits, heavy oil, tar sands or in general with all rocks of low permeability. Occasionally, such reservoirs can be defined without using lithology as the differentiating variable, where they are instead considered as reservoirs with extreme thermodynamic conditions. The CPBS includes several Miocene chronostratigraphic (sub)stages and lithostratigraphic members that are characterized by clastic sediments with low permeability. They are often source rocks, depending on their geochemical properties, in the mature stage at depths of more than 2500 m. These rocks are marls and calcitic marls bearing kerogene Types II and III from the Late Badenian to Early Pannonian ages. Sandstones with low permeability are known from the Middle Badenian, Upper Pannonian and Lower Pontian. These lithotypes are described as potential unconventional reservoirs in the Bjelovar Subdepression [3] ; however, such a statement is valid for the entire CPBS. Such Miocene marls and tight sandstones mainly have a porosity of less than 10% and a permeability of less than 10 −3 m 2 , which is approximately 10-100 times lower than that of conventional reservoirs. Moreover, using variogram analysis [2] [3] [4] low permeability zones in such reservoir lithofacies have been shown to be highly stochastically distributed. The consequence is that fluid flows can be released (for example, with pressure depression) at distances of several meters only, if fracturing techniques are not applied.
We describe lithofacies with low permeability from two typical localities within the Drava Depression (Figure 1 ). Our first example is the Beničanci Field. It is a large structure with several conventional reservoirs. Low permeability lithofacies can be found in the marginal parts of the structure. The second example is the Cremušina Structure where low permeability sediments can be found throughout the entire structure. The Beničanci Field (Figure 1 ) is located on the NE margin of the Drava Depression, in the deep, central part of the depression. The reservoir rocks are the oldest Neogene sediments represented by Badenian breccias and conglomerates. The Cremušina Structure (Figure 1 ) is situated close to the SW margin of the depression, i.e. In the Bilogora Zone that represents the palaeo-geographical border that formed during the Pliocene and the second transpressional event of the CPBS. Today the Bilogora Mountain separates the central part of the Drava Depression from the south-western section, i.e. The Bjelovar Subdepression. The entire subdepression is characterised by dominantly politic or finepsammitic detritus due to its location away from the main turbidite transport direction.
Geological setting of neogene low permeability pelitic and psamitic lithofacies in the Drava Depression
The Neogene and Quaternary rocks and deposits define the subsurface volume of the Drava Depression. The total thickness can reach more than 7000 m in the central part of the depression. Sporadic occurrences of volcanic rocks of Middle Miocene age, as well as fluvial and lacustric sediments of Lower Miocene, can be found in the Ng-Q complex. However, the largest part consists of Middle Miocene, Upper Miocene and Pliocene clastic and biogenic sediments, and Pleistocene and Holocene often unconsolidated deposits [5] . Magmatic, metamorphic and carbonate rocks in the CPBS are "basement" rocks. They are mostly granite, gabbro, cataclised and hydrothermally altered metamorphites, metasandstones, limestones and dolomites. They are of Palaeozoic and Mesozoic age. The largest depression in the CPBS is the Drava Depression, part of which geographically belongs to Hungary. Lithostratigraphic correlation across the depression in Croatian and Hungarian areas is shown in Figure 2 , based on [5] . All Neogene and Quaternary formations in the Croatian section are delimited with marker (key) beds, defined as electro-log markers (EL markers), of approximately the same age in the entire area. In the Hungarian section, the depositional history and mechanisms are interpreted to be different. The EL-border (defined as an unconformity) marked as "Tg" or "Pt", between the Neogene and pre-Neogene basement rocks is a lithological boundary. Badenian sediments are dominantly coarse breccia, conglomerates and coarse to medium grained sandstones. They can sometimes be green coloured sandstones, due to coloured mica content, representing the "hybrid type of green sandstones" [6, 7] .They are an indicator of a weak reductive environment in a sea of normal salinity, which plays an important role in the preservation of organic matter and the genesis of source rocks in the Upper Badenian, Sarmatian and Lower Pannonian. These periods are also characterised with pelitic, dominantly calcitic rocks such as (marlitic) limestones and marl, mainly deposited over littoral areas. The EL-marker Rs5 is recognised on resistivity curves as a boundary between the Lower and Upper Pannonian. The Upper Pannonian consists mainly of marls and clayey limestones, occasionally with significant sections of sandstone. Effusive rocks of Badenian to Lower Pannonian age are occasionally present. In the Hungarian section (HPBS) the Miocene sediments up to the Sarmatian belong to clayey marls and sandstones, which represent the transition from Karpatian brackish water to Badenian fully marine conditions [8] . These are overlain by coarse clastics (sandstones and conglomerates) that were deposited from foreshore to near-shore areas. They are overlaid by regressive sediments of dark grey, sandy siltstones and marls, which formed in a shallow marine environment. The Late Badenian is represented by dominantly pelitic sediments, such as dark grey calcareous marls, that gradually turn into clayey marls of hemipelagic origin, which occurred during the Sarmatian and Lower Pannonian.
In the Late Pannonian the Drava Depression was an elongated brackish lake filled with turbidites that interrupted the pelitic sedimentation of the basin [9] . The eastern section of the depression is most likely represented as marginal area where turbiditic events dominated in the CPBS and delta and prodelta sedimentation, which prevailed in the HPBS, met each other. During the late Miocene, the entire PBS was an open lake system with active inflows and outflows [10] [11] [12] . The oldest sediments are represented with numerous similar lithofacies. They are calcitic marls and sandy marls with sandstones, marl and calcite-clayey marls, marlitic clays and clayey marls, clay limestones and silty clays. The younger section consists of different parts of fine-grained sandstones and marls, i.e. Marlitic sandstones and sandy marls. In the Hungarian section sediments of the Upper Pannonian series of fine-grained sandstones of turbiditic origin are thought to have been formed mainly on turbidite fan lobes and sheets [13, 14] . The thickness of the entire turbiditic succession, however, shows great variation depending on the topography of the basin floor. The thickness decreases towards the basin margins and is significantly thinner above basement highs, while it can reach 1 500 m in the deepest parts of the depressions [8] . During the Lower Pontian stage, the depositional characteristics and environments remained dominated by distant transport of large volumes of clastics, where the main clastic source areas were located to the distant north-east or by a turbiditic transport mechanism active along the deepest lake floor. There was also an absence of large delta and prodelta environments on the southern margins of the CPBS [9, 15] . Recent studies [16, 17] found strong indicators of smaller alluvial fan activity on the margins (hinterlands) of the Pannonian and, in particular, Pontian lakes into the CPBS. However, the volume of deposited detritus, compared with turbidites, is negligible, and most of the psammitic sediments are still deposited in the deepest parts, transported by turbidites from the Eastern Alps [9, 18] . In the northern and, in particular, the eastern sections of the Drava Depression, sediment can be deposited from deltas originating from the north or north-west, which is interpreted as the latest Miocene depositional mechanisms for most of present day Hungary. Pelitic sediments are deposited in calm periods between the activities of two currents and the delta. Salinity changes can be traced to the establishment of a connection between the Pannonian and Dacian basins [12] , which resulted in a caspi-brackish environment and fauna [10, 11] . However, at the end of the Pontian this connection was closed and fossil evidence indicates the return of a fresh water environment. In the Hungarian section, silty clayey marls and siltstones are widespread over the basin above the turbiditic succession, in connection with the approaching delta slope. The delta sediments, of approximately Pontian age, are commonly known as the Algyï'· Formation ( Figure 2 ). The thickness of the strongly progradational delta slope reflects the palaeo-water depth [19] . Due to the high rate of subsidence, thick (700 -1 000 m) aggradational units were Figure 2 . Lithostratigraphic units of the Drava Depression [5] formed reflecting several episodes of minor oscillations of the relative lake-level [1] .
The Pliocene (5.6-2.6 Ma), and Pleistocene and Holocene (2.6-0.0 Ma) were periods of the second transpressional phase in the Croatian section of the Pannonian Basin System [9] during which most of the negative (mainly flower) structures were uplifted, in many cases, forming anticlinal hydrocarbon traps. The water level was greatly reduced, leading to a sporadically lacustrine environment and evolving into Quaternary marshes, river alluviums and a terrestrial environment with loess. In fact, the entire Pannonian Basin System was divided by several fresh water lakes [10] [11] [12] , which were gradually filled with fluvial, and terrestrial sediments. Sedimentation was characterised by sands, silts and clay with calcitic clays only in the oldest sections. Recent work on lithofacies and the possibility of defining regional EL-markers in similar sediments of the adjacent Sava Depression have been based on neural network calculations and mapping [20, 21] .
Calculation of geological probability in low permeability lithofacies of sandy and silty breccia -example of the beničanci field (Drava Depression)
Geological risk calculation (POS, Probability of Success) is a method of expressing the probability of finding hydrocarbons in a new field or an existing reservoir. It can be used to assess the entire stratigraphic interval within reservoir rocks in an oil and gas zone [22] or area [23, 24] . The geological probability is represented by the simple multiplication of five geological risk factors, i.e. Trap, reservoir, source rocks, migration and hydrocarbon preservation. The result represents POS and describes the probability that hydrocarbons can be discovered. The probability of most of the geological categories is estimated based on the data from the eastern section of the Drava Depression located in the CPBS, i.e. In the lithofacies of the wider zone of the Beničanci Field. The POS calculation for the Beničanci Badenian reservoir (both in highand low permeability areas) has been done based on data from well reports from the Beničanci Zone. They are used as the general values for the different geological events in the CPBS, for example, for each lithofacies and kerogene [22] , using the following equation:
Where POS is the final value of the geological risk or probability of discovery, in the structure with trap, reservoir, migration, source rocks and HC preservation.
The probabilities of each risk factor are described by several probability classes (mostly five or more, depending on the approach). Each class has unique discrete numerical values in the range between 0 and 1 that describe the probability of occurrence of selected events. Five probability classes are defined here to indicate equal importance of all possible geological events. The five probability classes describing the geological events are 1.00 for a proven geological event, 0.75 for a highly reliable predictable event, 0.50 for a fairly reliable predictable event, 0.25 for an unreliable predictable event, and 0.05 for a missing event/undefined parameter.
It is also appropriate to discuss the statistical background of POS as a multiplication of statistically independent (geological) events. In fact, these geological categories do not in general confirm or suggest each other. For example, structural forming does not mean that preservation of fluids will be proven, especially for very shallow structures. Mature source rocks will often be deposited in the deepest parts of a basin, and migration can also reach structures that were not formed in the same period or by folding/faulting events. This means that hydrocarbon systems (including, for example, traps, depth, source rocks, and migration pathways), can be characterised with inter-category relationships, but this is not necessary a rule. Moreover, our knowledge of such systems, due to the number of categories, the availability of data and scale is always only stochastic, something that is accepted to be "statistically representative enough" to be able to apply the POS method. This could be compared with the "stationarity hypothesis" in geostatistics, where theoretically only the stationarity of the 1st order is strictly valid. However, because of finite (limited) datasets, as a working hypothesis, we can accept stationarity with the 2nd order and sometimes even only with the 3rd order. This therefore suggests that geological categories can be considered in the POS calculation as statistically independent events, where because of the limited availability of datasets they show only the stochastical properties. Sometimes they can also be described with regression or correlation.
Mathematically this means that deterministic calculation of POS is a simple multiplication, applicable when the probabilities are statistically independent product (for example, see [25, 26] ) of several (most often five) geological category probabilities. Furthermore, each category is defined by several geological events where each also has its own probability. If events are organised into subcategories, they can be multiplied same as categories. The result is a single numerical value, where the probability events are defined exactly in tables with discrete values for the POS calculation (for example, Tables 1 and 2 ).
As a result of practical statistical independency of geological categories in the calculation, the resulting POS will often be a low numerical value. However, there are no universal definitions of what low, average or high POS means in geological or exploratory terms. For example, whether values of 0.1 or 0.3 are "high enough" for further drilling or field development depends mainly on (a) what the regional exploration level is, (b) of the goal is to discover or develop existing fields or reservoirs, and (c) the size or financial strength of the operator or the exploration and production (EP) company. However, some quantifica-tion of POS has been extended into one larger equation, published for the first time by Cozzolino [27, 28] where he connected the POS value, risk attitude and exploration budget to calculate the risk adjusted value (RAV). This has been applied and explored further by, e.g., Rose [23] and applied into the CPBS by Malvić and Rusan [22] . Cozzolino derived the utility function ('r'), which is a reciprocal value of the company's exploration budget in million USD (r=1/annual exploration budget). Formula [27, 28] is based on the utility theory to determine RAV using the risk function in Equation 2. This predicts an optimal and consistent investment level related to the company budget, objectives, and its chances, risks and rewards.
Where R is the gross reward in million USD, C is the cost in million USD, p is the probability of success, and r is the risk function fraction in millions.
Using this approach in the Bjelovar Subdepression, Malvić and Rusan [22] applied the utility function to calculate the risk-neutral value in USD that a hypothetical company would be willing to spend in the exploration of new hydrocarbons with an expected monetary value (EMV) of 2.42 million USD and a POS of 28.48%. They estimated that 850,000 risk-neutral USD could be set as the investment limit for a company with a 50 million USD annual exploratory budget. As a result, the RAV is 35%, i.e. The company with this annual budget would spend 850,000 USD for a discovery worth 2.42 million USD by applying the risk-neutral approach.
Our knowledge of the subsurface is always stochastic. Some subcategories can also be expressed numerically, such as the Porosity feature, or indirectly transformed into numerical values, like the HC shows and Quality of cap rock. As a result, the subcategories can be estimated with stochastic simulation(s) and we can select, for example, the minimum, median and maximum realisations as outcomes. In this way stochastical calculations can be introduced into deterministic algorithms and help to reach a POS value expressed within a range (e.g., [29] ). The proposed stochastic (not probabilistic, that is, not in a similar way as in other geophysical problems, for example, see [30] ) is derived from Gaussian simulation results, which are considered as equal-probable outcomes. Consequently, this yields equally probable results for POS. Gaining a sufficiently high number of outcomes provides the opportunity to reach 'mod realisation' for such datasets.
POS calculation for the marginal areas of the Beničanci Field (structure)
We have used detailed analyses of core samples as a background for the POS calculation. These analyses are well reports from the field adjacent to the Beničanci Field, also belonging to the Beničanci Zone. Characteristic for this area is a wide range of lithological compositions, which are heterogeneous and faulted. The most interesting among the lithological compositions are the Badenian sediments, which are mainly coarse breccia, conglomerates and coarse to medium grained sandstones. The calculations classify the categories in the five possible cases and each of the subcategories carries a numeric value from 0.0 to 1.0. The categories rated 1.0, source rock, migration and preservation of hydrocarbons ( Figure 3 ) are repeated over a wide area of the Beničanci Field as completely proven, because the existence of the field proves it. However, other categories, such as traps and reservoirs, vary and are rated with a lower value, for example, 0.25 for a trap and 0.375 for a reservoir (Table 1 ). This is caused by tectonic activity and lithofacies changes that favoured the creation of stratigraphic and combination traps. In fact, the marginal lithofacies are pelitic-psammitic facies, while in the central parts psephitic-psammitic deposits are found, which are good permeable Badenian breccias and conglomerates with sandstone as a matrix or as separate layer Therefore, based on Equation (1), the POS for marginal sections of the Beničanci Field can be calculated as follows:
Results on a 2x2 km-square structural map along field margins
The wider area of the Beničanci Field is divided on the structural map into a network of cells measuring 2×2 km ( Figure 3 ) and each is marked with a letter [31] . The transition between reservoir lithofacies with high and low permeability is given approximately by the outline of the oil-water contact (Figure 3 ). Table 2 shows the calculation of POS for the marginal zones of the Beničanci Field and each square has a corresponding POS value calculated using Equation 3. The final probability map is shown in Figure 3 . 
Low porosity sandstone -example of Cremušina locality (Bjelovar Subdepression)
We collected data from the Cremušina locality (Figure 1 ), on the northern margin of the south-western section of the Drava Depression, known as the Bjelovar Subdepression. Porosity was calculated for the lithostratigraphic member of the Poljana Sandstones (Figure 2 ).They developed here as a typical low-permeability lithofacies deposited on the margin of a depositional environment and later moved onto the migration pathways of the generated hydrocarbons.
Before the porosity calculation, we used the spontaneous potential log to determine the upper and lower limits of the intervals where the sandstones are located. We used the R64 curve, the long normal, to determine the resistivity of the rock layers. Resistivity was scanned every 2.5 m except when the sandstone interval was too thin and resistivity was scanned here every 0.5 m ( Figure 5 ). We used the following equations for the porosity calculations: 
Where Φ is the porosity (%), R is the resistivity of rock fully saturated with brine (Ωm), R is the resistivity of the virgin zone (Ωm), and R & is the brine resistivity (Ωm). The brine water resistivity used in this calculation was 0.127 Ωm. We applied Equations 4 and 5 to data from e-log curves of spontaneous potential and resistivity ( Figure 5 ) to calculate the numerical values of porosity of such lowpermeability sandstone, i.e. siltstone and marlitic sandstones. This numerical procedure is especially useful when dealing with missing core data, because the lithofacies are considered as non-reservoirs even if they are located on regional hydrocarbon migration pathways, as was assumed for the Cremušina Structure [4] . The calculated porosities are given in Table 3 , showing an average porosity of 10.57% [32] . This value clearly describes the general lithology of the Lower Pontian lithostratigraphic members. Interestingly, although the entire depression is named a "sandstone member", this is strictly true only in the central part of the depression, where sandstone is the dominant lithofacies and the average porosity is often higher than 15%. On the other hand, in the Cremušina Structure, such member is named as the Poljana Member.
The main reason for this is that the sandstone sections often make up less than 50% of total member volume. Furthermore, they are lithologically represented with a mixture of fine-grained sandstones and marlitic sandstones. Such lithofacies, if considered as reservoirs, can be only described as unconventional ones. These reservoir lithofacies with low permeability may (a) contain only limited amounts of hydrocarbon in total volume, (b) are characterised with high capillary pressure and wettability and (c) only gas production can be expected.
Discussion
Probability calculations have long been used to assess the geological risk of EP ventures. Expert teams estimate the probabilities of a group of particular geological risk factors using numerical values ranging from 0.0 to 1.0. Alternatively, experts may decide to employ geological probability tables published for different petroleum provinces around the world. They may also supplement the use of the probability tables by correcting certain ranges, reflecting their own data and knowledge. Introducing the probabilistic approach reflects the lack of certainty when predicting the presence or absence of geologic factors (play parameters) that contribute to the success of finding hydrocarbons. The probabilities that are calculated must be considered as a subjective value reflecting the applied methods, the database and the human factor. This means that different companies, teams and experts will use different approaches or databases, and consequently obtain different results for the same play or prospect. In this paper, geological probability is represented by the simple multiplication of five geological risk factors (Equation 1 ). The result represents the POS and describes the probability that hydrocarbons may be discovered. The five risk factors include trap, reservoir, source rocks, migration and hydrocarbon preservation. We defined the five probability classes in our system by describing the geological events as follows: 1.00 -proven geological event, 0.75 -highly reliable predictable event, 0.50 -fairly reliable predictable event, 0.25 -unreliable predictable event, and 0.05 -missing event/undefined parameter. The highest risk is assigned to 'undefined parameter' due to the lack of information. This does not identify an event of low probability, but suggests that the probability cannot be estimated from the available dataset. The attribution to the lowermost probability class recognizes that fact that we are dealing with a mature basin, where the unusual lack of data and/or knowledge is likely to reflect poor conditions.
The calculation of porosity using resistivity logs includes two main uncertainties. The first uncertainty is the resistance of brine Rw, the second is the value of the cementation exponent 'm'. Brine water resistivity (Rw) originates from ions dissolved in brine water, which almost entirely cause its electrical conductivity. At some given composition of brine water, its electrical conductivity is not constant and it becomes lower at greater temperatures. Common source data for the electrical resistivity of brine are catalogues with laboratory results of samples of fluids from different formations. When a suitable value of brine resistivity is chosen, that value should be corrected based on the temperature of the formation where the water originates from. The electrical resistivity of brine should be corrected according to the formation temperature using Equation 6 [33] :
Where R 1 is the resistivity of brine (Ωm) at temperature T 1 (
• C), and R 2 is the resistivity of brine (Ωm) at temperature T 2 (
• C). Another way of obtaining brine resistivity Rw is with Equation 7:
Where SSP is the static spontaneous potential (mv), and K is the coefficient determined by the temperature of formation (mv).
Because the data we are looking for is actual brine resistivity (Rw), and not equivalent brine resistivity (Rw)eq, if we know the value of the static spontaneous potential and mudfiltrate resistivity, we can calculate the equivalent brine resistivity using Equation 6 and the actual brine resistivity is determined using a diagram given by [34] . The next uncertainty is the cementation exponent when calculating hydrocarbon saturation. When the cementation exponent is determined in a laboratory, it varies significantly in complex lithological units. Hydrocarbon saturation of 70 to 80% calculated using the conventional value m=2, is approximately 0% when using values of m=3 or m=4 [35] . Therefore, using theoretically recommended values (1.8¡m¡2.0) can lead to great imprecision in determining porosity and hydrocarbon saturation. Geological analyses of several hundred samples have shown that more accurate values of 'm' can be determined if a more detailed distinction is made among different rock types. Rock types with mostly intergranular porosity (for example, sandstones) have a cementation exponent of approximately 2. Rock types with tortuous and loosely connected pores (secondary porosity) tend to have higher cementation exponents caused by the increase in porosity. In some cases values vary from m=2 with a porosity of 5% to m=5.4 with a porosity of 35% [35] .
Conclusions
Based on the analysis of core samples, assessment of geological categories, probability of success and previous research findings obtained in last 40 years in the area of CPBS, we conclude that the existing, mostly depleted, Badenian coarse clastics in the Beničanci Field represent merely the central section of the Middle Miocene reservoir rocks. This means that at the edges of this zone, including satellite structures or peripheral lithofacies, there are most likely less permeable zones, but saturated with oil amounting to the total effective porosity. In fact, we prove for the entire zone of different lithofacies of Badenian breccias and conglomerates, the existence of source rocks, migration and the possibility of preserving hydrocarbons (probability of geological categories, p = 1.0). Naturally, the existing data from geological and seismic surveys and logging cannot prove the commercial saturation in the peripheral, less permeable parts of the Beničanci Field. However, the assumed probability of 9.375% that there are extensions of proven deposits or independent satellite deposits of Badenian age can be confirmed by new drilling. This small probability measuring the same order of magnitude (approximately 10% for POS value) can be expected in other parts of the Drava Depression as well, which existed as the shallow and marginal areas of the depositional lake environment of the Late Miocene. Based on a sedimentological model, sections of the region where marginal, psammitic and mostly pelitic from turbidites that were transported and deposited there. Consequently, they are locations rich in transitional lithofacies, such as marlitic sandstones, silty sandstones and siltstones. They could also be later located, already consolidated, along the hydrocarbon secondary migration paths, but accumulated in smaller quantities. In the Drava Depression, the entire south-western branch of the regional macro-structure, the Bjelovar Subdepression, is almost entirely filled by such transitional lithofacies. This is the result of larger shallow depositional areas than in the rest of the depression during almost the entire Miocene and Pliocene. Consequently the main turbiditic events from Upper Miocene disappeared. The example of total porosity that can be expected in such transitional lithofacies is calculated for the Cremušina Structure and is about 10%.
It is clear that low permeability lithofacies can be observed in several different ways. The Beničanci Field is an example where visual observation of available cores from wider areas of analysed structures can be quantified into categorical variables determined as permeable (1) or of low permeability (0). However, we selected the example of the Cremušina Structure to show how similar quantification is done from well logs, i.e. numerical data of porosity derived from logs. It is also an example of when the entire structure is defined by a low permeabillity lithofacies, generally onto a scale of an entire depositional environment (depression) defined as 'sandstone member'. Low permeability is indirectly (and empirically) derived from low average porosity of approximately 10% or similar values. Such lithology includes significant fine sandy or even marlitic detritus (i.e. fine psammitic and pelitic) and can be described as marlitic sandstones, such as in the analysed example. If these locations are transferred onto general mapped migration hydrocarbon pathways, they may represent areas saturated with quantities that can be economically significant, and previously were not explored and recovered due to the existence of larger field structures that could be put in production with much less cost.
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